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BALLISTIC  L.aT.'i.  FOR  FLAT  FTRI 


Abstract 


The  purpose  of  this  paper  is  to  exhibit  a  new  form  of 
the  Hitchcock-Kent  Siacci  treatment  of  flat  fire  ballistics. 
This  form  has  proved  convenient  in  certain  aircraft-fire  ■ 
computation . 

The  principal  feature  of  the  new  form  is  that  time  of 
flight  and  drop  are  tabulated  directly  as  functions  of 
distance  along  the  line  of  fire .  ("Ground  coordinates"  are 
used).  Two  "Siacci  trajectories"  and  interpolation  suffice 
to  give,  with  fair  accuracy,  ballistic  data  for  forward  fire 
from  aircraft  for  all  airspeeds  and  densities. 
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introduction: 


In  issuing  ballistic  data  for  forward  fire  from  pursuit 
aircraft  certain  condensed  forms  appeared  desirable.  The  tabular 
data,  as  furnished  on  this  project,  consisted  of  cr  t,  cr  1  y, 
listed  against  crx,  where  &  is  the  ratio  of  density  at  the  muzzle, 
to  standard  density,  t,  y,  and  x  are  respectively  time  of  flight, 
drop,  and  distance  along  the  line  of  fire.  Certain  advantages  of 
this  form  are  set  forth” in  the  following. 


1.  Modified  siacci  Zru^tions. 

Referred  to  mutually  perpendicular  axes,  ^ y\,  in  the  plane 
of  the  trajectory  with  origin  at  the  muzzle  of  the  gun  and  the 
y-axis  pointing  vertically  downward  (see  Figure  l),~the  (particle) 
eoir  tions  of  motion  may  be  expressed  as 


-nd  v  denotes  the  velocity  of  the  projectile  at  time  t, 

c  denotes  the  ballistic  coefficient  of  the  projectile, 

<°(y\)  represents  air  density  at  distance  r\  from  the  horizontrl 
axis, 

PQ  represents  standard  density,  at  the  muzzle, 


Tr-'-irr 
-  W  A  *  .  i.  X 


rizstocted 


n.  is  the  velocity  of  sound  in  dir  at  temacratur e  i 
(absolute  temperature)  and  has  the  for.u 


o  s=  r, 
cx 


,'here  a.  -  velocity  of  sound  in  Or  at  standard  te«*mture 
vD  bt^  sr*b  level* 

rp,  =^5is.6°  F  on  the  absolute  scale  which 

to*  corresponds  to  59°  F) 

pfv  a  p)  i°  the  resistance  function  which  is  cexincd  c.s 
G(v,  a,  P)  ^cyc  Kj  is  the  drag  function  <rf 

the^orojectile  unc" is  experimentally  determined . 

In  this  for n,  the  enuatiwns  present  two  computational  cifiiculties 

1  The  resistance  function  is  tabulated  from  expel  i merits 
for  stand  rd  tehnerat.>es  and  staniu  rd  density  at  sea  level,  <*.,  i.e. 

G(v)  =  G(v,  a£,  ^s). 

Therefore,  G(v,  a,  P0)  must  be  related  to  G(v,  ag,  <s)* 

c  Tn  aircraft  Funfiro  the  sltitr.de  of  t-he  mui<lc 
in  the  fora  uihidch  =  isVwn  above  changing  the  altitude  of  the 
muzzle  recuires  recomputing  the  trajectory. 

The  second  difficulty  is  easily  remedied,  Since. 

(1.3) 


G(v,  a,  P  )  =  PvK^(v/a) 


we  have 


Therefore,  we  have 
(1.4) 


G(v,  a,  p0)  =  eov*-uW*), 

G( v,  a,  P s)  -  PsvK^(v/a). 

G(v,  a,  9  )  =p50/Pjo(v',  a,  Pg). 


o'  L0'  ~7 ’ s' 

denoting  P  /P  ,  the  ratio  of  density  at  the  muzzle  to 
st-  r.c  ird  density  at  sea  level,  by  or,  and  renlacing  G(v,  a,  PQ) 
in  (l.S)  by  (1.4),  we  obtain 

O. 


=  2M_«-(Kv,  e.  cy  i 

\  n 


-  4  - 


*  ir  fn  rp-  n 
r.  -  1  j 


to  a  %  .■inJ  aii  nna  then  substitute  .or  cr  to  n— -  t-  /  - 
“rsroprivte  to  the  nltitude  of  the  muzzle. 

t;o»  to  relate  <Kv,  a,  ?s)  to  the  ta6.il  ted  r,(v)  «e  note  that 
(1.0)  r,(v)  -  o(v,  a£,  (4)  -  rs  v  KD(v/aE)  , 

Then  replacing  v  in  (l.o)  by  (uEA)v,  ..-A- 


Bat, 


a([as/a]v)  =  P£[as/alv  KD(v/u). 
0(v,  a,  Pc.)  =  Ps  v  KL(v/a ) . 


Therefore,  we  have 
(1.7) 


GCas/aJv)  =  Cag/a]  0(v,  a,  eQ)  . 


Remembering  that  a  -  a 


\j  T/Ts  and  aenoting  \/  Ts/T  hy  A>  «e  obtain 

from  (1.7) 

(1.8)  Q(  A vl  =  Cr(v,  a»  °s)# 

ri mi  1  v  oince  the  ratio  of  stu.nda.ru  air  q  e  n  s  i  t  ,y  ..t  .i\f  olti^u^e 
p  -love  sen  it.vel  to  stando!  ci  se^.  It.vel  -»i  - 11  •> 

e-hR  (h  =  0.3158  x  10~4  if  H  is  given  in  feet), 

w  g  c  :i.n  r  "L  "t  0 

(1.9) 


P  {'ll  =  eh,/ 


K 


substituting  (1.5)  uiu  (1.9)  in  (1.5)  we  arrive  ,t  the  following 
form  for  the  ballistic  equations 

0(  iv)  h  , 


■0  - 


,  =  -  cr  e* 


(1.10) 


c  A 


i‘  =  -  cr  Gh'°  G(Av)  !  +  g. 

1  C/\ 


instead  of  rect  singular  coordinates  ( A  )  we  use  c.l  mt 
igtCr  (x  v)  the  v-axis  pointing  vertically  cownwnrd.  and  the 
Uirr  Wen -Ion-  the  tahgent  to  the  trajectory  at  the  imtrl 
r.rent'maiics  an  angle  r.  with  the  horizontal  (e  me;. sure o 
’  *  4-n  the  e-u' tiers  *  or  the  transform:  tion  of  vari.- olos 
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=  X 


cos  E 


y  =  x  cos  e 


V)  =  x,  tan  e  +  y 

►'/  s  ? t;m  e  +  y 


etc  •  etc • 

and  it  can  readily  be  shown  that  the  e~ nations  (1.10)  become 


(1.11) 


x  =  -  <T  eh!^  O(Av)  x  , 
c  A 

y  =  -  er  ehrio(,\y)  y  +  g. 
cTT 


The  y-coordinate  as  used  here  is  usually  referred  to  us  the  drop. 

Now,  introduce  a  pseudo  velocity  u  defined  as  the  component 
of  the  velocity  v  along  the  tangent  to  the  trajectory  at  the  initial 
point.  Clearly, 


(1.12) 


u  =  x, 

t  *  * 

u  =  X. 

h 


Approximating*  eh%y  eiiX  sln  *  and  ao  roximting  the  actual  velocity 
v  fev  the  osuedo' velocity  u  as  is  done  in  the  usual  Siacci  method 
(u  satisfactory  approximation  if  the  trajectory  is  fairly  flat  and 
we  restrict  ourselves  to  short  ranges),  the  eouations  of  motion  are 
approximately  given  by 


(1.13) 


n  =  -  crehx  sln*  cXAu)  u, 

v  -  -  <r  ehx  sine  G(Au)  y*K. 

c^: 


.*  This  approximation  is  cruder  than  that  used  by  Hitchcock  and  Kent 
(see  Ballistic  Research  Laboratory  Report  No.  11);  ),  but  appears 
adequate,  and  is  simpler  computationally. 


TTTCTTD 


; .  constant  Density  Case 


If  it  is  assumed  that  air  Cecity  alonj;  tee  trajectory  does  not 
v.jry  from  air  density  --t  the  nuzzle  (i.e.  t.Jce 
hx  sine  =  ]_  or  h  =  0),  the  aif ferentiul  equations  of  potion  rnny 
be  inte rated  easily  fi  terms  of  tee  Sited  So-.ce  -.ns  li*.  ^notion.,. 
These  ere  defined 

s(u)  -  -  f 


du 


^uT 


xo 


,  s  ( u  du 
T(u)  =  "  \  uoTul 


\  , ,  UCr(  u ) 

Juo 


^roia  (1.12)  end  (1.13)  ue  obtain 


cr  dx  =  - 


c  Adu 

STXdJ 


t  > 


and,  integrating  , 

(2.1) 


cr  x  =  c  ls(Au)  -  2(Auq)_ 


as^ar'ssr-^’KS.’K  ewsraMS 

tables. 

From  (1.10)  wo  have  at  ■  f  and,  a*in?  use  of  CM),  we  find 


(  .0) 


(Tut  =  c  ST  (Au)  Aou 
u 


which  integrates  into  ^  _ 

(p.3)  cr  t  =  c  aLt(Au)  -  T(Au0)  _j  • 

Thus  <rt  IS  found  by  entering  the  riaoci  Time  function  table  -1th 
the  value  of  Au  from  equation  (2.1). 


*  The  treatment  of  a  trajectory  in  which  air  density  is  not  considered 
to  be  constant  will  be  discussed  in  Section  UA. 


•  T  ' r 

A  ~  j  '  * 


RFSTRICTUD 


Finally,  using  Dederick’s  identity* 


<J  "Jdx  cx 
- ^ - .....  m 

uT 

These  ecuajjions  arc  those  used  in  making  the  fundamental  table 
of  cr  t  and  cr  *'~y  against  crx,  for  a  fixed  initial  velocity. 

In  Table  1  below,  time  of  flight  and  drop  corresoonding  to  slant 
ranges  up  to  4500  yards  have  been  commuted  in  two  ways  for  the  37  mm. 
Mark  S  HF  54  shell’’,  fired  horizontally  (e  =  0°)  at  sea  level  with 
standard  density  (cr  =  1)  at  temperature  5S°?  (A=  1). 

The  2nd  and  3rd  columns  respectively  show  time  of  flight  and 
droo  computed  by  numerical  integration  of  the  normal  eruptions  of 
motion  riven  in  (1)  and  (2).  Columns  (4)  and  (5)  show  time 
of  flight  and  drop  computed  from  eouations  (1.13),  (2.1), (2.3)  and  (2.4) 
which  make  use  of 1  the  Siacci  approximations  mentioned  in  Section  1. 
Motice  that  through  3000  yards  in  slant  range,  drop  and  time  of 
flight  agree  exactly  for  the  two  methods  of  computation.  liven  at 
a  slant  range  of  4500  yards,  the  discrepancy  in  drop  is  unaer 
1  i. 


37  ran  Mark  9  HE  M51 

Muzzle  _  255o  f  ,  Airplane  _  300  mph  uo  =  2990  fPs 
Velocity  “  ^  Velocity 


e  s  0°  T  =  59°F  <T  -  1  c  =  1 


cr  x  yds  . 

Normal  Equations  with  h  s  h 

Siacci  with  h  s  0 

<?  t  sec* 

o'  2  y  yds. 

d"  t  sec . 

o'2  y  yds. 

500 

0.519 

1.5 

0.550 

1.5 

1000 

1.203 

6.9 

1.208 

7.0 

1500 

2.012 

18,1 

2.013 

18.1 

2000 

3.010 

37.8 

3.010 

37.9 

2500 

1  .268 

71.3 

1.265 

71.3 

3000 

5.777 

125.6 

5-769 

125.1 

3500 

7.112 

207.0 

7.119 

206.3 

loco 

9.211 

320.8 

9.203 

318.9 

1500 

11.197 

172.1 

11.122 

168.2 

Table  1 

*  *ity  may  be  arrived  easily  from  equations  (1.1)  and  (1.2) 

i  1. 


r:'':t?jctec 


2 .  interpolation  for  Time  of  Flight  and  Trop . 

In  order  for  tobul'-tion  of  or  t  and  cr2y  -gainst  <rx  to  be 
computationally  successful  it  is  necessary  that  this  tabulation 
be  done  for  as  few  velocities  as  possible.  For  many  cases,  os 
will  be  seen,  tobies  need  be  constructed  for  only  two  velocities, 
provided  interpolation  is  cone  in  a  special  wiy. 

A  consideration  of  the  trajectory  in  vacuo  suggests  a  possible 
method  of  interpolation  for  time  of  flight  ana  drop.  The  emotions 
of  motion  for  the  trajectory  in  vacuo  are: 

x  =  0  , 
y  =  g  , 


and  the  initial 

conditions  are: 

x  =.  0 

x  =  uQ 

<< 

It 

o 

y  =  0 

The  solution  of 

the  equations  is 

(?.D 


t  = 


V  = 


0 


1/S  gx-(i-)' 
u0 


gc nations  (3.1)  above  leaa  one  to  suspect  that,  for  a  given 
slant  range ,  it  may  be  possible  to  compute  time  of  flight  by 
a  linear  interpolation  on  l/uQ  between  t*o  xno..n  times  of  flight 

corresponding  to  two  initial  velocities  u 


o 


l 


In  Table  P  a  harmonic  1 inter  interpolation 
flight  corresoonaing  to  initial  velocities  of  f 
we  soused  to  find  time  of  flight  for  a  x  through 


bated  on  times  of 
550  fps  Jld  5450 
4500  yards. 


•P 

J- 


TiS 


The  interpolation  formula  for  f 
initial  velocity  uQ  is  clearly 


Lading  cr  t  corresponding 


to 


jrn. 


The  results  for  this  inter ool-  tion 
belo-v.  In  column  5  •  re  listen  times  of 


re  sh  ■-v.il  in 
flight  for 


velocity  of  2990  fos  computed  directly  by  means  of 
[?.,?.),  "  Notice  til'd t  the  results  ore  the  same  to  the 


column  4 
•in  initial 
equation 
ner.  rest 


hundredth  of  a  second  through  25C0  yard  slvnt  range.  The 
discrepancy  beyond  ioOO  yard  rarve,  however,  ::r-v  be  Cue  not  to 
method  but"  to  u  lock  of  smoothness  in  the  neighborhood  of  sound 
in  the  0  tables  on  «hich  the  fir.cci  computations  for  the  o7  mm 


Mark 


shell  i  .'54  «ere  bascc. 


- 

TIKE  CF  FLIGHT 

By  Siacci  Formula  and  by  Linear  Interpolation  on  (l/uQ) 

|  37  nun  1'ark  9  HE  Shell  K5U*  c  r  1,  e  =  0°,  T  =  59°,  Constant 

<  Density 

l 

!<r* 

for  u_  -  2550  fps 

for  un  z  2990  fps 

for  u  =  3130  fps  ! 

!  yds. 

1 

1 

2  | 

SIACCI 

SIACCI  j 

LINEAR  INTERPOLATION 

SIACCI  | 

i 

1 

cr  t^ 

or  t 

ON  (l/u0) 

**2  \ 

i 

i  1 

< 

sec . 

1 

i 

sec « 

1 

> 

<r t  -  at  +Acrt 

I  "  1 

sec . 

■n*  i  i  ■ 

sec . 

1  500  ! 

0.626 

1  ■ 1  ■] 

0.550 

0.5U9 

O.U77 

j  iooo  j 

!  1.U33 

1.203 

!  1.211 

1.0h6 

!  1500  ; 

i  2  Ji09 

2.013 

2.021 

1.732 

2000  i 

i  3  .633  j 

3.010 

t  3 .02ii 

2.571 

2500 

I  5.116 

U  .265 

ii  .256 

3 .616 

3000 

j  6.753  | 

|  5.76? 

5.706 

1.923 

3500  | 

1  3.52U 

!  7  .hi? 

7.315 

6.169 

hooo 

1 

10.102 

j  i 

1_ i 

9.203 

1 

9.113 

..  — ■-  ,  .  1  ■  —  — .  .  i 

8.H1I 

L - ,  ■  .   .   ,  , 

Table 


n 

<L 


r* 

LJ 


-  10  - 
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In  support  of  tills  view  oirf.il ar  computations 
Ef.cll  fl48  whose  siucci  tobies  -‘re  smooth  nrc 
footnote  below.* 


for  the  7b  mm  HE 
offered,  in  the 


The  approximation  of  cron  by  a  quadratic  function  of  (l/u  ) 
is  suggested  by  the  solution  for  drop  in  the  vacuum  case  given  in 


h.i). 


Such  an  approximation  wee  used  to  find  or  ‘y  by  interpolation 


for  the  37  mm  shell. 

The  interpolation  formula  is 


-  1 


1  - 


(3.3) 


cr  y  =  1  - 


u 


o 


u. 


t  -  r 


U, 


u: 


<r 


u. 


u 


T 

TT- 


1 

T 


n 

cr'-y 


& 


u 


'Oo 


u: 


The  results  of  this  interpolation  are  listed  below  ii 


ble  3, 


column  7.  iron  as  coriruted  by  (-2.4)  is  sho»n  in  column  4.  The 
aiscreoancy  between  the  Siacci  computation  and  the  interpolated  crop 
to  crx  is  shown  in  column  8.  It  is  only  at  cr  x  =  4000  yards  Uat 
the  discrepancy  exceeds  1  /.  and  here  but  slightly. 


I*  TIME  OF  FLIGHT 

i 

! 

!  75  mra  HB  Shell  J,tl8 
I 


c  r  1.686  e  z  0°  T  s  59°  Constant  density 


1 

j 

i 

i 

| 

!  cr  x 

| 

;  yds . 

! 

1 

for  uQ  -  1950  fps 

SIACCI 

1 

<rt^ 

sec . 

for  \ 

SIACCI 

! 

1 

cr  t 

I 

sec.  i 

jd  r  23  90  fps 

for  uQ  =  2830  fps 

SIACCI 

Crt2 
sec  « 

HARMONIC  LINEAR 
INT. 

<rt 

sec<» 

1 

|  1010 

1.619 

1,310 

1.311 

1.128 

i  2000 

3-552 

2.871 

2.876 

2.111 

|  3000 

5.751 

1.630 

1.636 

3.371 

i  looo 

8 .237 

6 .660 

6.661 

:  5-515 

5000 

11.123 

9.007 

8.966 

7.177 

rr.(  trict’d 


For  er.s,e  of  computation  a  harmonic  linear  interpolation  for 
drop  would  be  preferable  to  a  harmonic  ouadratic  for  t'  en  the 
same  coefficients  could  he  used  in  interpolating  for  drop  os 
are  used  in  the  time  of  flight  inter eolation,  in  column  5  below 
the  results  of  harmonic  linear  inter eolation  are  listed.  The 
harmonic  linear  results  are  not  ouite  as  accurate  as  those  of  the 
harmonic  quadratic  interpolation  except  for  crx  ^  3000  yores  where 
the  linear  interpolation* endears  to  he  more  accurate.  This  reversal, 
however,  appears  to  he  en  accident  again  due  to  lack  of  smoothness 
in  the  shell* s  sincci  tables. 

Similar  computations  for  the  75  mm  shell  show  the  harmonic 
quadratic  interpolation  to  he  distinctly  more  accurate  at  all 
ranges  than  the* harmonic  linear  interpolation  (Table  4). 

The  choice  between  a  harmonic  linear  interpolation  for  drop 
and  a  harmonic  ouadratic  interpolation  depends  upon  the  accuracy 
required  in  the  results.  In  any  case  the  use  of  harmonic  inter¬ 
polation  on  uQ  can  produce  a  great  saving  in  time  and  labor  since 

it  enables  one  to  find  time  of  flight  and  crop  for  intermediate 
airnl:  ne  speeds  simply  from  a  tabulation  of  these  quantities  first 
for  initial  shell  velocity  with  the  airplane  at  rest  end  then  with 
the  airplane  having  another  extreme  velocity,  say  600  mph 
(880  fos). 
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DROP 

By  Siacci  Formulae  and  by  Interpolation 
37  mm  Mark  9  HE  Shell  M5U  c  =  1,  £  r  0°,  T  =  59°,  Constant  density 


=  2550  fps 

uA  r  3U30  fps 

uQ  =  2990  fps 

!  1 

i 

°2 

SIACCI 

HARMONIC 

DISCREPANCY 

HARMONIC 

DISCREPANCY 

1 

LINEAR 

QUAD. 

crx  1 

cr2yi 

0*  2y2 

2 

o-V 

c r2y 

i 

j 

yds 

f 

yds. 

yds. 

yds. 

yds. 

yds. 

1 

500! 

2.11 

1.15 

1.53 

1.56 

.1 

1.53 

0 

ioooi 

9.71 

5.21, 

6.95 

7.15 

.2 

6.93 

0 

l500j 

25 .60 

13 -5U 

18.11 

18.68 

•U  . 

18.25 

.1 

20001 

5U.U5 

23.06 

37.92 

39.31 

.7 

38.36 

.2 

2500! 

103 .27 

52.06 

71.31 

73.90 

1.0 

72.05 

•3 

3oooi 

178. h3 

90.99 

125.39 

128.28 

1.0 

125.13 

.1 

3500! 

281,  .72 

152 .11 

206.32 

208.66 

.7 

203 .88 

1.2 

1,000; 

1,27.22 

21,1. 13 

313.89 

320.1,3 

•h 

313.78 

1.7 

Table  3 


Table  U 


4. 


Differential  Corrections. 


A •  Variable  Tensity  .along  the  Trajectory . 

The  conations  of  notion  have  so  far  teen  solved  for  the 
c-.se  in  which  air  density  at  all  altitudes  was  assumed  to  remain 
the  same  as  standard  density  -  t  the  muzzle.  This  *?s  accomplished 
hv  sett  in?  h  =  0  in  the  eeunt  Lons  of  motion.  r«ext  *e  ..ill  attempt 
to  consider  the  effect  of  vri-ble  -,lr  density. 

Taking  A  =  1  for  simplicity  (a  correction  for  temnerature  will 
be  discussed  later),  equation  (1.13)  leads  to 


(43 


'X 


Jix 


sin 


ox 


y 


c  r3( u)  - 
cr  " 


i<“o2l 


Tor  fixed  values  of  initial  velocity,  uA,  and  angle  of  elevation,  c , 
enuation  .(n.l)  determines  u  as  a  function  of  crx  ana  of  h.  Then 
or  t  and  cr-'y  given  respectively  by 


cr  t 


tr  dx 
WrT^J 


end 

(4.3) 


a2v  = 


rX  /X 
\  \ 
)o  )o 


cr  dx 

u^((Tx,n) 


-•re  also  functi-  ns  of  crx  ana  h. 

.Ht  a.  given  slant,  range  crx,  then,  the  effect  of  4  change  in 
density  on  cr  t  -mi a  o*-y  resoectively,  A^cr  t  and  A^cr^y,  may  be 

tii ought  of  as 

Ahcrt  =  crt(  cr x,h)  -  crt(crx,0) 

Ahcr ’gy  =  cr~y(<xx,h)  -  crAy(cr x,o). 


.;e  ao proximate  /^c?  t  and  A^cr'gv  by  the  first 

in  the  Taylor  expansions  of  crt(crx,h)  and  cr 
•  bout  h  ="  0. 

binding  Bu  from  (4.1)  and  using  (4.i)  *e 

ar t 


order  derivative  terms 

c ", 

Cy(crx,h)  respectively 
obtain 


r  <  t-i 


RESTRICTED 


bh 


sin  e  { x  cTx~  <T  dx 


h  =  0 


2e 


) 


0  U~((7  X,0)  S'(u) 


or 


,  using  cr  x  =  c  £s(u)  -  3(u  y  for  h  =  0 


cr 


2  6t 

hi 


=  -c 


d  sm 


h  =  0 


4^  r 


)% 


5(u)  -  S(u0) 
u"(<T  X, 0) 


du. 


This  latter  form  hr.s  the  advantage  of  eliminating  s’(u)  from  the 
computation. 

*- 

Frorp  {4.'3)  we  obtain 


±^ry. 1 

'hh 


h  =  0 


y  -'Y  O  O  O 

_  _  £  .  I  f  cr  V-  cr  ax  dx 

'  c  )o  o  ~ 


Hence,  the  differential  corrections  for  density  on  time  of  flight 
and  drop  respectively  me  given  by 


(4.4) 


cr  •  Ahcr  t  =  - 


h  sin  e 


He 


rx 


cr^x^  erdx 

u4'S»  (u) 


and 


(4.5) 


cr  •  Ah<r  y  = 


tut  sin  egg  cr'Sr  cr"  ax  dx 

'  «  Jo  «.  - 


In  order  to  observe  how  well  the  first  order  apcroxi.Ta.tion  for 
the  correction  in  time  of  flight  works ,  we  have  tabulated  below  in 
Table  5,  for  the  37  mm  Mark  9  HE  M54  shell,  time  of  flight  computed 
from  the  normal  differential  ecuati..ns,  with  density  varying  with 
altitude,  compared  with  time  of  flight  commuted  for  constant  density 
and  corrected  by  (4.4).  The  initial  angle  was  taken  as  60°  upward  " 

(e  =  -00° )?  an  extreme  angle  of  fire  and  one  for  which  extreme 
variation  m  density  is  to  be  exoected.  Through  J>500  varcs  slant 
range  there  is  exact  agreement  in  time  of  flight.  Beybnc  2500  yards 
in  slant  range  the  differential  correction  seems  very -inadequate.  The 
table  also  contains  a  comparison  of  drop.  The  y's  in  column  3  were 
commuted  from  the  normal  equations  with  variable  density.  The  v’s 
in  column  5  were  computed  with  the  Si-.cci  eouations  with  constant 
density  -end  are  not  corrected  for  variable  density.  Through  2500 
,f  rds  slant  r^rges  it  seems  to  be  unnecessary  to  make  the  complicated 


correction  on  crop  since 
•md  uncorrected  croo/r 


the 

X17G 


in  correcting  crop  beySS  :iS5o  y^cs'tince  eVe^  the 
beyohfl  this  r-T.re  is  yaite  inaccurate. 


i  Cnn?T^oy  Set,'ton  ’-ctuel  aroo/r--nre 
io  i-.fi.  ^or  ie  there  uny  ooint 

corrected  time 


TlhE  OF  FIIOHT  AND  DROP  WITH 


mm  Mark  9 


500 

1000 

1500 

2000 

2500 

3000 

3500 

ItOOO 

1500 


0.5U8 

1.201 

1.983 

2.920 

l».o# 

5.383 

6.322 

8.335 

9.920 


271.8 

383.1 


_  ...  SI ACC  I  EQUATIONS 

t(ix,h)  z  t(ix,o)  f  At  T " y(ix',d) 

_  _  ;  yds. 

0.<h9 
1.201 

I. 93ij 
2.923 

II. O6I 
5  .U*9 
6.986 
8.616 

10.323 


TABLE  5 


•3-  hon-otHndhrd  Temper  -  ture. 

rn  ooiv,e«lT-.t  .ansloaous  Cushion  to  that  oi  -i.\  »c  cun  sriivs 
,t  .  1L.proyinntion  for  the  effect  of  a  deviation  from  s^nncr-id 
+h^r^-re  on  ti~e  of  Uirht  -nd  crop.  This  tine,  considering 
Jir  Shsitt  to  be  constant  '•■lone  the  Rectory,  -c  have  for  a 
niven  nnee  end  a  fixed  initial  velocity,  iron  ecuntiuu  (<-•!), 

(O  fo  A)  o- 1  -xd  cr2y  defined  ns  functions  of  sl-nt  range, 
cTx, ' ’nd  A  ,  the  esuare  root  of  the  ratio  of  standard  temperature 
to  actual  temnernture.  _ 

The  effect  of  a  deviation  in  the  ratio  A  =l/0Ts/T  on  time  of 
flight  ^nh  drop  will  he  denoted  by  aact  t  and  L^y  respectively 
find  defined  as  follows: 


(4.o) 

and 

(*.7) 


Avcr  t  =  crt(cr  x,  A)  -  cr  t(cr  x,  1) 

A 


£.  cr:': y  =  cr"y(o'  x,  A)  -  cr  ^y(cr  x,  1). 
>A 


„srain  /lA<x  t  aid  /A<r  2y  .ill  be  nnproxiaatea  by  the  firet  order 
terms  in  their  respective > Taylor  expansions  about  A,  1^  -  *  - 

iation  with  respect  to  A  ^  (4.1),  (4./),  ano  U  •  ~)  le-^o  to 


(4.  a) 
(4.9) 


ft.jt  =  (A  -  1)  \<S  t(crx,l)  + 


c  S’ (uA) 


'u. 


rn  cr  Ay  =  2(  A-  1)J  cr2y(o-  x,l)  -  guc 


0  -  1  :• 

~  l  u  /---' 

/XX  p 

A(u  )  \  \  cr^dxdx 

)0  jo 


U^S ' ( u ) 


For  the  37  mm  hhrk  9  If’  M54,  we  hMve  tabulated  below  in  column 
time,  of  flight  for  A  =  1.125*  as> corrected  by  the  first  orcer 
•  r'orovh'rm;tlon  r'iven  in  (4.3) •  Time  of  flight  computed  onectlj 
fr0T  tormnlf  (:?.X).Uh  Aeet  enr.l  to  1.115  aooecrs.in  coluan  5. 
Throumh  "700  yards,  the  discrenancy  between  the  entries  in  columns 
4  ■  nQC  5  is  no*  more  than  one  hundredth  of  a  second,  oeyoric  < .700 
yards,  the  discrepancy  becomes  considerably  larger . 

■«-  A  =  1.125  corresoonds  to  a  temperature  of. -Ji9.8°  F,  as  extreme  a 
'deviation  from  the  standard  temperature  of  59°  F  as  is  likely  to  be 
encountered . 
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t-T 


h~~trtct::d 


time  OF 

i  37  nm  Mark  9  HE 


fltoh?  corrected  fop.  r:or:-sTAkDARD  ttfppatt^rf 

shall  M5b,  c  .1  1,  e  =  0°,  u0  =  2990  fpS,  constant  density 


;  crx  crt 
I  yds .  ;  for  \  -  1 


1000 
1^00 
2000 
2500 
2700 
I  2900 

:  3100 
:  3300 
i  3500 
i  3700 

i  3900 

!  u  100 

!  Ii300 

i  b5oo 


1.205 
2.013 
3.010 
b.265 
b.3b3 
5.b5b 
6.033 
6.715 
7 .1*39 
8.115 
5.93b 
9.57b 
10.339 
11.122 


for  ^  =  1.125 


-.010 
-.207 
-.06b 
-.103 
-.102 
-.075 
-.033 
+.009 
+  .056 
.106 
.157 
.210 
.265 
.321 


crt(o-x,  1.125) 

cr  t (o-  x,  1)  +  £act  t  |  c  A(JUu)'"-'  T(Au0)T 


1.193 

1.966 

2.9b6 

b.157 

b.7bl 

5.379 

6.052 

6.75b 

7.1.75 

3.221 

3.991 

9.73b 

10.60b 

ll.bb3 


1.193 
1.991 
2.953 
b  .166 
b.731 

5.3  be 

6.01I1 
6 .703 
7  *b32 
3.173 
8.9b2 
9.735 
io.5b9 
11.392 


TABLE  6 


.  -  oiruilcu  convout  *  .Lion  for*  the  75  yui  ehell  qi  1  c ci- q 
th  tt  roughness  in  the  37  nan  S.i-cci  Tables  m-<v  be  ritiel  6nu^  ?? 
the  aiscreorncy  beyond  c70J  vends.  " —  -  c  rLi  ,i  caus®  of 


V-irbs  thr  r,e  i  b  e-y" -,V€sn  as  f:ir  out  os  O'  x  -  5500 

h?ei“een 

computed  for  the  actual  teareratoe  £  °f  fXlSht  ex“tly 


1 


R^STRICT-D 


TIME  OF  FLIGHT  CORRECTED  FOR  NON-STANDARD  TEHTTRATURE 

75  mm  HE  Shell  Ul*3, 

c  =  1.686,  e  s  0°,  u0  -  2390  fps,  constant  density 

<7  X 

a  t 

_  . . .  <rt  for  As  1.125  _  _ 

yds. 

for  A  -  1 
secS . 

crt(crx,i)  +  A^<rt 

ca{t(au)  -  T(Au0J] 

1000 

1.3it0 

1.337 

1.336 

1500 

2.079 

2.071 

2 .073 

2000 

2.871 

2.356 

2.859 

2500 

3.718 

3.692 

3.697 

3000 

i.630 

1.589 

1*.596 

3500 

5.606 

5.5i8 

5-558 

hooo 

6.660 

6. 58U 

6.591 

h<00 

7.789 

7.693 

7.703 

5000 

9.007 

8.891* 

8 .896 

5500 

10.308 

10.181* 

10.182 

6000 

11.696 

L 

11.607 

11.580 

TABLE  7 


No  correction  on  crop  has  been  msbe  since  for  cr  x  less  than 
2700  yards,  the  drop  correction  is  under  1 


I 


rrrr-  rn  rfT 
 l  » Iv  i  i. 


I^nT'PTCT'T) 


aUI-fiJlY 


It  is  suggested  from  the  preceding  study  on  the  '57  nun 
projectile  that  the  equations  of  motion  he  solved  for  cr  t 

end  cr  *'y  as  functions  of  cr  x  first  for  constant  air  density  along 
the  trajectory,  for  standard  air  temperature  and  for  standard 
muzzle  velocity  hy  the  equal i  ns : 

<rx  =  c  [S(u)  -  3 ( un ) ] 


cr  t  =  c  [T(u)  -  T(uq)] 


cry  = 


■X  ^  x 


cr 


u 


x  dx 

Y — 


These  results  may  he  tabulated  with  initial  velocity  adjusted 
for  two  nirolnne  speeds:  0  and  600  mph.  Corrections  may  he 
added  to  these  results  for  conditions' different  from  the  assumed 


The  effect  on  time  of  flight  of  variable  air  density  along 
the  trajectory  can  he  computed  cy  the  formula 


<T  •  n^cr  t  =  - 


h  sin  r 


(x  (cr  x)"  u  dx 
U^S* (u) 


Jo 


Iven  in  the  extreme  case  of  60°  upward  fire  this  correction  yields 
nccirate  results  through  cr  x  =  2500  yards.  Density  corrections  on 
drop  appear  to  he  unnecessary,  Oven  in  the  o0°  up-oerd  ■  eagle  of 
fire  case,  the  discrepancy  between  corrected  anc  uncorrected  crop 
compared  with  crx  is  under  2  $  as  fear  out  as  2500  yards. 

The  correction  on  time  of  flight  for  non-stanoarc  temperature 
is  m  de  ty  the  formula 

A  Acr  t  =  (A-l)-|cr  t(crx,l)  +  cs*  (urt)  {%  -  1)  l 


u 


j 


The  corrections  so  obtained  will  he  pod  to  aoproxim;  tc-ly  ,‘;700 
yards  in  cr  x.  The  temocr-ture  correction  on  iron  may  very  ..ell 
he  omitted  since  through  cr  x  =  2700  yards  A  ax  fy/  cr'x  is  under 
1  ^ 


,n 


r^T'-icrx 


The  time  of  flight  and  crop  ore  yiven  by 


<rt  =  1  - 


l/u0  -  l/u0 


ITU,  .'T/iI 

o 


l/u-  -  1/u 

1  '.irt,  *  1 

o,  *  ,  TTup^-r/u-- 

JL  /  v  ^  i.  j 


cr  t. 


ana 


2 


( 


l/u0  -  l/ur 


■  1/u  -  l/u 

cr  v  =  i  1  -  l  ■  cr  y  +  .1  i 

\  I7U----T Tup-j  1  \l7n-0p--T^// 


‘°2  °l7 

or,  where  rre-  ter  c curacy  in  required, 


i/'i  -  i/u/-  A  , 


cr  *  vo 


cr  •  y  -  / 1  -  _  0 _ °1  j  cr  -y1  +  i  X 

v  \)  V/<  - 1/<- 


o 

_  ^  • 

^  y0 


A  'fA  • 

A. tK.  Goldnt^ne 

J.L 

J.  L.  Kelley 


’-*.*%*  Jl** 


RESTRICTIVE 


i-.ri 


T>~,~Zrrryrr%tTr,*r 

:v  Oi..*^l  »*k. 


-  H  *  KmOflTA  l 


BALLISTIC  DATA  FOR  OaT  n  rVv 

™»  "> m£FRO^°N1°R^MK  8 

3**  Definitions; 

of  flight  ^  £  fire?  almg  the  line 

speed  V  at.  at  airrlf no  fl7ing  with 
J  -ea  *Aj  at  dive  angle  e  . 

x  Z  distance  along  line  of  fire 

y  z  drop  from  line  of  fire 

tf  “  tf0  +  Atf  sin  e  r  time  of  flight 

%  Z  time  of  fiight  for  e  =  0 

^  Sln  £  *  density1011  **  * 

~  density  ratl0,  =  density  —standard 
2*  Assumptions « 

Temperature  -  $9°f. 

Drift'  e~*0 
3  *  Accuracy; 

At  (crx)  ^  COOO  f+  +w 

SSCS'  ™  ao"1  ft"  »*  «** 

and  the  ^  — ■*  Considered  t0  J;~:T  f;lis «  <-*, 

present  the  facto  adequately. 


Ordnance  Research  Center 
Project  No.  1*005 

BALLISTIC  DATA  FOR  CAL.  0.50  API  MARK  8  FIRED 
FORWARD  FROM  AN  AIRPLANE  (Cont’d) 

V,  z  Velocity  of  Airplane  =  600  niop.h. 

A 

Muzzle  Velocity  r  2870  f.p.So 


crx 

ft. 

2 

cr 

ft.. 

cr  tf 

Ao 

sec.  

cr  ^Atj. 
sed. 

100 

.0 

.027 

200 

.0 

.051* 

300 

.1 

.082 

1*00 

.2 

.110 

500 

.3 

.338 

.000 

600 

.1* 

.167 

700 

.6 

.196 

800 

.8 

.225 

900 

1,0 

.25? 

1000 

1.2 

.286 

.000 

1100 

1-5 

.316 

1200 

1.8 

.31*8 

1300 

2.2 

.380 

HiOO 

2.6 

.1*12 

1500 

3  ,0 

.mi* 

.001 

1600 

3.1* 

.1*78 

1700 

3.9 

.311 

1800 

U  o£* 

.51*6 

1900 

l*.9 

.580 

2000 

5.5 

.616 

.002 

2100 

6.2 

.652 

2200 

6.9 

.688 

2300 

7.6 

.725 

21*00 

8.3 

.763 

2500 

9.1 

.801 

.005 

2600 

10.0 

.81*0 

2700 

10.9 

.880 

2800 

11.9 

.920 

2900 

12.9 

.961 

3000 

11*  .0 

1.002 

.009 

3100 

15.1 

1.01*5 

3200 

16.3 

1.088 

3300 

17.5 

1.332 

3U00 

18.8 

1.176 

3  $00 

20,2 

1.222 

.015 

3600 

21.6 

1.268 

3700 

23.1 

1.315 

21*  .7 

1.363 

2^1* 

1.1*12 

1.1*62 

.025 

Ordnance  Research  Center 
Project  Noe  1±005 


BALLISTIC  DATA  FOR  CALo  0.50  API  MARK  8  FIRED 
FORWARD  FROM  AN  AIRPLANE  (Cont'd) 

7^  =  Velocity  of  Airplane  r  600  m.p.h. 

l/uzzls  Velocity  =  2870  f.p.s. 


Ordnance  Research  Center 
Project  No*  UOO)? 

BALLISTIC  DATA  FOR  CAL.  0.50  API  MARK  8  FIRED 
FORWARD  FROM  AN  AIRPLANE  (Cont’d) 

V  -  Velocity  of  Airplane  s  3®0m.p.h. 

A  - 

Mugzle  Velocity  r  2870  f*p*s. 


o*x 

ft. 

a-2! 

ft. 

,100 

.0 

200 

.1 

300 

.1 

Uoo 

.2 

500 

•li 

600 

.6 

700 

.8 

800 

1-0 

900 

1.3 

1000 

1.6 

1100 

2.0 

1200 

2.U 

1300 

2.8 

lUOO 

3.3 

1500 

3.8 

1600 

U  .U 

1700 

5.0 

1300 

5.7 

1900 

6.5 

2000 

7.3 

2100 

8.1 

2200 

9.0 

2300 

9.9 

2  Uoo 

11.0 

2500 

12.0 

2600 

13.2 

2700 

1U.U 

2800 

15 .7 

2900 

17.0 

3000 

18.5 

3100 

20,0 

3200 

21.6 

3300 

23.3 

lloo 

?5%0 

Uoo 

26.8 

%Arv 

28.8 

CT  tf 

2  . 

<T  £&£ 

0 

sec  • 

sec » 

.030 

.061 

.093 

i 

.12U 

.157 

.000 

.190 

.223 

.256 

.291 

.326 

.000 

.361 

.397 

.U3U 

i 

.U71 

1 

.508 

.001 

.5U7 

I 

■ 

.536 

• 

1 

.625 

1 

.666 

] 

.707 

.003 

.7U8 

j 

.791 

.93U 

.006 

.878 

.923 

.968 

1.015 

1.062 

■ 

;  t 

1.110 

1.159 

.011 

1.209 

1.260 

r 

1.312 

1.36U 

% 

1 

I 

1.U19 

.019 

1.U73 

1 

1.529 

j  *  I 

i 


i 


i 


Ordnance  Research  Center 
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BALLISTIC  DATA  FOR  CAL.  0.50  API  MARK  8  FIRED 
FORWARD  FROM  AN  AIRPLANE  (Cont'd) 

V  —  Velocity  of  Airplane  r  300  m.p.h. 

A 

Muzzle  Velocity  *  2870  f.p.s. 


trx 

ft. 

O 

ft. 

<r  tj 

0 

sec* 

cr  2Atf 

sec. 

itioo 

■  IrOol 

1.76U 

1*200 

1*2.7 

1.826 

14300 

1*54 

1.889 

itUoo 

18.3 

1.953 

U500 

51.3 

2.019 

• 

O 

vn 

O 

I*6oo 

5U-1# 

2.086 

1*7  oo 

57.7 

2.15U 

,  U800 

61.2 

2.22I4  t 

1*900 

61*  .8 

2.295 

5000 

68.5 

2 .368  i 

.076 

5100 

72.5  j 

2.140 

5200 

76.6  I 

|  2.519 

53oo 

80.9 

2.596 

5i*oo 

85  4  1 

l  2.676 

i  ,,<s 

5500 

90.1 

2.757 

.113 

5600 

$5 .1 

2 .81*0 

5700 

100  o2 

2.921* 

5800 

1054 

3 .011 

5900 

1110  * 

3.099 

6000 

117.2 

3.189 

.159 

6100 

123.3 

0.281 

1 

6200 

129*8 

3 .371 

\ 

6300 

!36o5 

3  468 

6I4OO 

11*3*5 

3.561* 

6500 

150.8 

3.660 

o202 

6600 

1584 

3.757 

6700 

166.3 

3.856 

6800 

17&.5 

3 .955 

6900 

183 .1 

!*.Q53 

7000 

192.0 

lu  155 

i  .226 

j 

7100 

20a  4 

U.256 

7200 

210,7 

1*.359 

f 

7300 

220.5 

it  462 

7I4OO 

230.7 

it. 565 

7500 

21*1.3' 

it. 670 

.262 
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BALLISTIC  DATA  FOR  20  MM.  H.F..  SHELL  T23,  P»Do  FUZE  T71E-U 
FIRED  F'TIMRD  FROM  AN  AIRPLAY  FROM 
20  m.  AIRCRAFT  GUN  (WIST  OF  RIFLING  -  1  TURN  IN  25*586  CAL.) 


I.  Definitions: 


The  gun  is  fired  along  the  line 
of  flight  of  an  airplane  flying  with 
sneed  V^,  at  dive  angle  E. 

x  =  distance  along  line  of  fire. 

y  -  drop  from  line  of  fire, 

t„  -  t^  f  Atj  sin  e  -  time  of  flight 
■  o 

t^  r  time  of  flight  for  £  ;  0 
o 


HoR/ZO/VTAL 


A.tf  sin  E  -  correction  for  variation 
of  density. 


cr  -  density  ratio  -  density  at  muzzle  -A-  standard  density  at  sea  level. 


2  o  Assumpti ons : 

Temperature  z  $9°  Fo 
Drift  z  0. 


-  23  - 


Ordnance  Research  and  Development 
Center  Project  ho*  b.005 


'.DSTRICTED 


BALLISTIC  DATA  FOR  20  MM.  H.F.  SliFLL  T23,  P.D.  FUZE  T71Eli, 
FIRED  FORWARD  FROM  AN  AIRPIAN5  FROM 
20  L’f.  AIRCRAFT  SUN  (TY.'TST  OF  RIFLING  =  1  TURN  IN  2 5.586  CAL.) 

-  Velocity  of  Airplane  =  600  m.p.h. 

Muzzle  Velocity  ta  2?30  f.p.E. 


crx 

Yds. 

cr  cy 
ydso 

!  crtr 

I  '  0 

j  Sec . 

c2/a»tf 

Sec . 

50 

.0 

.01,2 

100 

.0 

.035 

150 

.1 

.128 

200 

.2 

.173 

.0001 

250 

.3 

.219 

300 

.5 

.265 

350 

*5 

.313 

hoo 

.7 

.362 

.0005 

55c 

.9 

.512 

| 

5co 

1.1 

.l46h 

| 

i 

550 

1.3 

.517 

1 

( 

600 

1.6 

.572 

.0018 

650 

1.9 

.628 

700 

2.3 

.685 

750 

*-  «  f  j 

;  .7M1 

800 

3-i  1 

1  .305 

.OOI18 

850 

3.5 

.867 

I 

900 

}(.0 

.931  ! 

950 

5.6 

.997  ! 

1000 

1.066 

I 

.0107 

1050 

!  r  q 

,  3W 

i 

1.336  i 

1100 

6.5 

1.208 

1150 

7.3 

1.282 

1200 

:  s.i 

3  .359 

.0210 

1250 

9.0 

l.)i39 

1300 

9.9 

3.521 

1350  i 

10.9 

1 .605 

liiOO 

12.1 

1.692 

.0382 

Iii50 

13.3 

1.782  j 

i5co 

1)4.6 

1.876  ! 

t 

.0503 

j 

i 

I 

i 


1550 

1600 

16^0 

1700 

1750 

3dOO 

1350 

I'TO 

1~*0 


16.0 
17 .!» 
35.0 

20.7 
22.6 
2lu6 

26.7 
23.9 

n.h 

15 .0 


1.973 
2.072 
2.175 
2.282 
2.393 
2.507 
2.625 
2 .7li7 
2.873 


.065ii 

.0839 

.1062 

.1321 
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BALLISTIC  DATA  FOR  20  MM.  H.E.  SHELL  T23,  P.D.  FUZE  T7IBii, 

FIRED  FORWARD  FROM  AN  AIRPLA'F,  FROM 

20  MU.  AIRCRAFT  CUN  (TA'IST  OF  RIFLING  =  1  TURN  IN  25.536  CAL.)  (Cont'd) 

z  Velocity  of  Airplane  -  600  m.p.h. 

Muznle  Velocity  r  2750  f.p.s. 


0"  x 

yds. 

2 

cr  cy 

YdSo 

cr 

0 

Sec. 

cr  ^At^ 

Sec  0 

2050 

36.8 

3.138 

2100 

39.8 

3.27U 

.1352 

2150 

U3.0 

3.U13 

2200 

U6 .14 

3*556 

O2086 

2280 

50.0 

3.701 

2300 

53-9 

3.8U9 

.2317 

2350 

58.0  1 

3c999 

2)400 

62.lt 

It  .150 

.255U 

2!i50 

67.0 

lt.30!t 

2500 

71.8 

)t  .U6l 

.2806 

2550 

76.9 

It  .619 

2600 

82.3 

It. 780 

.3083 

2650 

88.0 

It  .9lt3 

2700 

5U.0 

5.109 

.3385 

2750 

100.3 

5.277 

2800 

1C6.8 

5.Ut6 

.3716 

2850 

113.7 

5.618 

i 

2900 

120.9 

5.793 

i  .U082 

2950 

128.lt 

5.970  i 

1 

3000 

136.3 

6.150 

i 

!  .UU9X 

1 

1 

1  ■■■■-  -  ■■  -  -  --  - 

pr  2  y**  T  r't 
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BALLISTIC  DATA  FOR  20  MK.  H.E.  SHELL  T23,  P.D.  FUZE  TTlEh 
-  FIRED  FORWARD  FROM  AN  AIRPLANE  FROM 
20  Jt>u  AIRCRAFT  0 HI  (WIST  CF  RIFLING  z:  1  TIUN  IN  2^*b36  CAL./ 

r  Velocity  of  Airplane  =  300  m.p.h* 
puzzle  Velocity  r  2750  f.p.s© 
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Ordnance  Research  and  Development 
Center  Project,  No,  U005 


BAU  ISTIC  DATA  FOR  20  iS£»  HoF®  SH^LL  T43>  P»D.  FUZE  T71EU 
FIRED  FORWARD  FROM  AN  AIRPLANE  FROM 

20  Ml'.  AIRCRAFT  C-IN  (T-.1ST  T  RIFLING  -  1  Tt’RM  IN  25-586  CAL.)  (Confd) 

V  -  7el.ocity  of  Airplane  -  300  n.poh. 

Muzzle  Velocity  =  2700  f.p.So 


tr  x 

Yds. 

cr  2y 

Yds. 

2000  ' 

51.6 

2100 

55.3 

2150 

60.2 

2200 

61+.9 

2200 

69,8 

2300 

75.0 

2350 

30.5 

21:00 

I  86.2 

21*50  i 

92.2 

2500  ! 

j  98.6 

2550 

105  o3 

2600 

112.3 

2650 

lio  ,6 

2700 

127 .2 

2750 

135.2 

2800 

11*3 .6 

2800 

152.3 

2900 

161.U 

2950 

170.9 

3000 

120.8 

! 

Sec. 

o-  2/\tf 

S^c . 

3.703 

.17U7  ‘ 

3 .35U 

U.008 

1.165 

.191*2 

1,323 

.2156 

L.U32 

)|  .olili 

)i,309 

.2393 

It  .976 

5.3li5 

.2651 

i 

5.317 

.291*8 

5.1*91 

5 .667 

1 

1 

5.8L6 

1  .3276 

6.027 

! 

i 

6.211 

!  ,3639 

6.398 

6.587 

Ji0li6 

6.779 

6 .97U 

!  ,1(502 

i 

BFSr,r>TCT7D 
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FIRED  FORWARD  FROM  AN  AIRPLANE  FROM  THE  371'  GUN  KK.  9 


1*  Definitions: 


The  gun  is  fired  along  the  line 
of  flj ght  of  an . airplane  flying  with 
speed  V^,  at  dive  angle  e  . 


x  -  distance  along  line  of  fire 


y  =  drop  from  line  of  fire 


tf  -  t^  +  Atj.  sin  £  r  time  of  flight 


o 


-  J.,t£  —  time  of  flight  for  £  :  0 
o 


\1 


At^  sin  £  =  correction  for  variation  of 
density 


O’  -  density  ratio  -  density  t  standard 
density 

2.  Assumptions : 

Temperature  -  59 °F . 

Drift  ;0 

3 .  Accuracy: 

At  (cr  x)  s  2000  yds.,  the  error  in  (C^y)  is<  e£  yd.,  tho  error 
in  (O’tf)  -<.02  secs.  Beyond  O’  x  -  2000  yds.,  accuracy  falls  off  badly, 

and  the  table  cannot  be  considered  to  represent  the  facts  adequately. 


*-  33-  - 


RFfTRTCTED 
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BALLISTIC  DATA  FOR  3?  UU.  Ti^E.  SHELL,  M&,  FUZE  M$6, 

FIRED  FORWARD  FROM  AK  AIR^IAITE  FROM  THE  37  MM.  GUN,  MK.  9  (CONT'D) 

-  Telocity  of  Airplane  =  600  n.p.h. 

Muscle  Velocity  s  2.650  f.ps3» 


PEf TRTCT'D 


RESTRICTED 


BALLISTIC  DATA  FOR  37  1-5 
FIRED  FOFJ/f'ARD  FROM  AN  AIRPLANE 


.  h.e.  shell,  }'3U,  fuze  m£6, 

FROM  TIE  37  MV.  GUN  MK.  9  (CONT'P) 


V.  r  Velocity  of  A' m  lane  —  600  m.p.h. 
A  " 

>!us"7.e  Velocity  a  2?%C 


*  i  tr  ^ 


RESTRICTED 


RESTRICTED 


BALLISTIC  DATA  FOR  37  £!?.  H.S.  SHELL,  MEli,  FUZE  M£6 
FIRED  FORV/ARD  FROM  All  A:RnLAUE  FROL!  TIffi  37  1"'.  CUN  15K.  9  (C 


i  t  r\  \ 

I  Jh  i  1  ) 


v  Velocity  oi'  Airplane  -  300  n.p.h. 
Kuaalc  Velocity  —  f.p»s<. 


RESTRICTED 


If  - 
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BALLISTIC  DATA  FOR  37  1U.  E.E.  SNELL,  V&i,  FUZE  M$6, 

FIRED  FORWARD  FROM  AN  AIRPLANE  FROM  THE  3?  OTJ.  GUN,  UK.  9  (OONT’D) 

VA  -  Vo  loci  t  /  of  Airplane  -  300  m.p.h. 

Mv.z'tle  Velocity  -  2&0  f.p.So 


RF  ICT^' 


prCj<T»T^T(^rrr^'n 


BALLISTIC  DATA  FOR  37  IT.  H.S.  SHELL,  V$ht  FDZE  V.56, 

FIRED  FORWARD  FROM  AN  AIRPLANE  FROM  THE  37  UM  GUN,  MK.  9  (COKT'D) 


Temperature  Effect  on  Time  of  Flight 


tj  (at  Temp.  T)  =  t^,  +  sine  At^,  4  (A”  1) 


X  - V  /  Standard  Temp.,  Abs<> 

Y  Temp.,  Aos. 

Standard  Temperature  z  59°  F. 

■* 

[Thus  the  X  corresponding  to  0°  F.  is  z  1.06U] 


o’  &tf 
(Sec.) 


VA 

o  x  »p  • ) 

(Yds.) 

300 

600 

500 

-  .01 

.00 

1000 

-  .08 

-  .02 

1500 

-  .22 

-  .11 

2000 

-  .51 

-  .28 

2500 

-  .8? 

-  ,62 

2700 

-  .82 

-  .78 

2900 

-  .60 

-  .90 

3100 

-  .29 

-  .85 

3300 

.07 

-  .63 

3500 

ol*5 

-  .32 

3700 

.85 

.03 

3900 

1.26 

,h2 

U100 

1.68 

.80 

14300 

2.12 

1.22 

14500 

2.57 

I.6J4 
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BALLISTIC  BATA ‘.FOR  751SJ  E.E.  SHELL,  M4S,  P.D.  FUZE  M56, 
'FIRED  FOl£SfARD  FROL?  M  AIRPLAZE  FROM  TITS  75feK.  GUL  I?5a1.  * 


M  *>  JZ  /  2,  o  n/r^f 


•  1.  Definitions: 


The  gun  is  fired  slonrthe  lino  of 
flight  of  an  airplane  flying  with  aneed 
,TA>  -art  dive  angle  d  . 


*  di  stance""  along  line  of  fire  * 


y  =-drop  .from  -lino  of  fire 


^f  tpn  v"t  sirt  €  -  tine  of  flight 


lo 


tuv;c  tiafe  of  flight’ for  e  »  0 

V;  •  -  s-  *,*•'  .  i*. 

V*-  •  .  ..  -  i  «*■**!>  V'* 


f-  -  v:  . ...  A  tf  sin  t  --  correction  for  variation 
■’  %.  of  density  .  •  •, 


■;v  •-  A- 

«■,!  *«  • 


/  *  .  ^  V  •’ 


"S"'.  2  '  xG  s* density  ratio  £  density  at  muzzle  »  standard  density  at 
r  veea  level 


v;_ 


'  vf?  ■• 

*■’  V- 


*  2.  Assumptions: 

Teiaperature  -  .59°F0 

••••••  -  i.  •-,->• 

Drift 

V-vt  3..<  Accuracy;" 


,  -  ,  ....  ?  >  •  Through  ff  i.:  .4500  yds.,  6  tf  iS'Correct  to  0.02  secs,  and  6  % 

t'  ' ’ - 1°  4  y4»  Beyond  ff  i  a  4500  yds.v,  the  accuracy  falls  off  so  that  by  -x  'f\ 
"  T;  - ^‘(Tj's  6000  «T  tf  is  in  error  . by  about  0.07  secs,  and  -6"%'  by  3.5  yds. 


!r  %; . 

'*Gv  - 


'k  . 


■  7 


r;j 


.*?“■  .-5  is-vV;-/  ,  ^  •/  5  A.  *  .  .  ■  •  x  ' 

•  ;  -  Y*’v  -VC;.;  *■  G  T  •  ■  . 

y?  •  v  ’r,' '  ••  ..  -»  ••  .  *\  t  v  -*  •  •  ;  ;v '  T 

V  \'v  **_v  -*V‘  ^  - 

~  *Ci':  ..'  :v  ; 

*  *  ■'  I7  1.  ^V'-'  .  "f  ^.1-  •-•  ■-'  *;VV  ^ 

*  •  *  vi**"-  ••  **  ^  f  ^  •’  •*'  *;•••;  r 


”  S'  ■ 

r**  *.*  '  - 
•  >r  s  . 

4.-*. 


■r1  r 
■  -  *  • 


i 


BALLISTIC 
FIKCD  FORWARD 


DATA  TOR  751*1  rT.'i'.  SI-JELL,  M46,  ?.D.  7ULS  L56, 
FROM  AL  AI3FL/J3E  FROM  \3LT3  75;*:  GUK  M5a1o  (COAT’D) 


V^  s  Velocity  of  Airplane  s  600  ra.p0li. 
Muzzle  Velocity  »  1950  f.p.s. 


c r  x 
yds. 

<r2y 

yds. 

O'tfo 

sec* 

0*  - 

tec* 

100 

Ool 

'  0.106 

200 

0.2 

0.214 

300 

0.6 

0.324 

400 

1.0 

0.435 

500  | 

1.6 

0.548 

:  .0003 

600 

2.3 

0.661 

700 

3.1 

0.776 

.. 

800 

4.1 

0.892 

SOO 

5.3 

1.010 

1000 

6«S 

1.128  ' 

.0023 

1100 

8.0 

1.249 

1200 

9.6 

1.371  * 

1300 

11.4 

1.495 

1400 

13.3 

1.622 

.  1500 

15.4 

1.748 

'  .<0033 

1600 

17.7 

1.878 

•  1700 

20.2 

2.008 

1800 

22  o6' 

2.140 

1200 

25'.  6 

2.274 

2000 

28.7 

i  ' 

2.411 

.0203 

2100 

!  '  31.9 

2.548 

2200 

35.3 

2.687 

2300 

3S.0 

2.827 

2400 

42.8 

2,971 

2500 

46.9  < 

3.117 

.OU39 

2600 

51.2 

3.262 

2700 

55.8 

3.412 

2800 

60.6 

3.563 

2900 

65o6 

3.716 

,  3000 . 

J. 

70.9 

.  3.871 

.0306 

BALLISTIC  DATA  PGR  75S/M  H.S.  SHELL,  1548,  P.D.  i-TTZB  1,156 , 
miZD  FORWARD  FROM, AH  A.IHPLALS  KROH  THE  75fc2i  QFOK  M5a1.  (COKT»D) 

▼a  ~  Velocity  of  Airplane  -  600  m.p.h. 

IGuzzle  Velocity  =  1950  f0p.  s. 


<T  x 
yds. 


3100 

3200 

3300 

3400 

'3500 

3600 

3700 

3800 

3900 

40Q0 

4100 

4200 

4300 

4400 

4500 

4600 
4700 
4800 
4900 
5000  ' 

5050 

5100 

5150- 

5200 

5250 

5300  .. 
5350 
5400  ' 
5450 
5500 


<T  2y 
yds. 


76.4 

82.3 

88.4 
94.7 

101.4 

108.4 
115.6 
12302 
131.2 
*139.4 


148.0 

157.0 

166.3 
176.0 
186  ;1 

196.6 
207.5 
218.8 
230 o  5 
242*7 

249.0 

255.4 
261.9 

268.5 
275.3 

282.  2 

289.2 

296.3 
303.6’ 
310o9 


sec. 


-4.028 
' 4.186 
4.348 
4.513 
4.680 

4.047 

5.018 

5.191 

5.367 

5.545 

5.726 

5.908 

6.097 

5.285 

5.476 

6.672' 

6.867 

7.066 

7.270 

7.477 

7.582 

7.686 

7.791 

7. e97 

8.005 

8.113 
8.221 
8.331  1 
8.442 

8.  o53 


sec, 


.136h 


»h90$ 


.5661 


..6502 


BALLISTIC  DATA  FOR  7SL2i  ii.E.  SHELL,  M48,  P.D.  FUZE  M5S, 
FIRED  FORWARD  FROM  -AK  AIHPUT2  FROii  THE  75MK'  GUN  U5fiX,  (COET'D) 


VA  -  Velocity  of  Airplane  -  600  in.p.h. 
Muzzle  Velocity-s  1950  f.p.s. 


<r  z 
yds. 

<r2y  . 

yds. 

crto 

xO 

.  ~  sec. 

2  , 

i 

sec* 

5550 

318.5 

k,  t  " 

,8.666  ■ 

'  " 

5600 

326.1 

8.779 

•7ii29 

5G50 

333.9 

8.892 

, 

5700 

341.9 

9.005 

5750 

349.9 

^  S.120 

:  • 

5800 

358.2 

•  9.182 

.8U£0 

5850 

366.5 

.  9.352 

5300 

375.0  *  « 

9.470 

- 

5950 

383.7 

9.590 

GQOO 

392.5 

9,710 

»#71 

J 

1  . 

- ,  .  r  . - — |  — , -  - 

h2  - 


*  '  •  BALLISTIC  DATA  FOR  75kU  p.i.  SHELL,  I'48,'r.D. 

’  "FIRED -"FORWARD  ?ROM  AS  AIRPLAI^' -FRQK  TEST  75MLI  COIL 


FUZE  MSS , 

M5a1.  (COST'D).  -  - 


VA»  Velocity  of  -Airplane  =  300  n.piJi. 
Muzzle  Velocity  »  1950  lVp.s’0 


, '  <Tz 

cr  2y 

^  "  *  i  -  - 

.  tf’tfo 

r 

yds. 

4-  yds.  ,, 

-  SSCo 

. 

’’  -  .* 

{•;  .  ioo  ,  • 

:  '  0.1  -  „ 

0.126 

.  200.1  -J-  ' 

B  0.3  ■-  - 

0.253  , 

■  V  *,  '•  •  soo  "v-  / 

•  0.8 

\  ,  0.384' 

“  *i  -  400 

'  '•  1.4 

.  0.516 

■  rv  ■  soo' 

2.2 

0.647 

; '  *  -r> 

f  ..  >  ‘600"'-  -.’V 

o#  2 ->-! 

0.784 

-uC+  700  V 

4.4  - 

j  0.919 

-i. 

j  r  800  V 

¥  v  5.8  „  | 

' .  1.057 

•» 

[■  •-r"  ■  900  v  "  •  ' v  J 

'7.4 

■  1.199 

'•v  :'>■  -  1000  ;  , 

«  .  9.2  - 

1.340 

.  * 

..  1100  . 

ii.2  * 

1.484  -  / 
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